evolved, oocyte number and quality were found to be the main determinants of success in treating male Evidence that microinjection of the oocyte may KEY WORDS: embryo fragmentation; in vitro fertilization; intraadversely affect embryo morphology is inconclusive. cytoplasmic sperm injection; pregnancy rate; sperm parameters.
INTRODUCTION been reported to be comparable, inferior, or superior (2, (11) (12) (13) . In a case-control study, Bar-Hava et al. Intracytoplasmic sperm injection (ICSI) offers couples (13) reported that IVF embryos were superior to ICSI with the diagnosis of male factor infertility an effective in both morphology and clinical pregnancy rates. In treatment option (1). Palermo et al. (2) popularized contrast, Yang et al. (11) evaluated 13 couples with non-male factor infertility and randomized the oocytes to ICSI or conventional insemination, they concluded that fertilization rates similar to IVF rates could be 1 The opinions or assertions contained herein are the private views of the authors and are not to be construed as official or as reflecting achieved with ICSI in non-male factor infertility the views of the Department of the Army or the Department patients and that ICSI produced more "grade A"
of Defense.
embryos than conventional IVF. Given the uncertainty 2 Combined Federal Program for Reproductive Endocrinology at WRAMC, NNMC, USUHS, and NIH, Bethesda, MD.
regarding the possible effect of ICSI on embryo quality, 3 To whom correspondence should be addressed at Department of the goal of this study was to examine the question of whether the process of oocyte micromanipulation is 207 associated with a more fragmented embryo at the time tion with a variety of stimulation protocols including gonadotropin-releasing hormone (GnRH) analogue of embryo transfer.
(GnRH-a) (leuprolide acetate, Lupron: TAP Pharmaceuticals; Chicago, IL) or oral contraceptive pill downregulation followed by stimulation with exogenous MATERIALS AND METHODS gonadotropins or concomitant initiation of GnRH-a and exogenous gonadotropins ("flare" cycles). These The study population consisted of 556 patients undergoing IVF at the Walter Reed Assisted Reproducmethods have been compared in our program and found to be equivalent in clinical outcomes (14). Foltive Technology Center from July 1996 to December 1997. All diagnoses of infertility were included. Inclulicular development was monitored with serial serum estradiol levels and pelvic ultrasounds. Follicles were sion criteria included those patients undergoing IVF or ICSI who were 37 years of age or less, had embryo aspirated under transvaginal ultrasound guidance 34-36 hr after injection with 10,000 units of human chorigrading by our primary embryologist, had an embryo transfer occurring no less than 72 hr after retrieval, and onic gonadotropin (hCG). Luteal phase support, in the form of 50 mg progesterone in oil intramuscularly received no embryo manipulation including assisted hatching and fragment removal. Cycles in which (IM) daily, was given starting on the day of oocyte retrieval and continuing until a negative pregnancy test oocytes were divided between conventional IVF and ICSI were omitted. All patients undergoing microsuror 8 weeks gestation. Using transvaginal ultrasound guidance, oocytes gical epididymal sperm aspiration (MESA) or testicular sperm aspiration (TESA) were excluded. In couples were aspirated into a Dulbecco's phosphate-buffered saline (PBS) solution. The oocytes were rinsed and undergoing repetitive assisted reproductive technique (ART) cycles, only their first cycle was analyzed.
transferred into human tubal fluid (HTF) with 10% maternal serum and maintained at 37ЊC in a 5% CO 2 Additionally, no frozen embryo cycles or donor gamete cycles were included. In total, 253 patients were eligiand air incubator. For ICSI, the cumulus and corona cells were stripped from the oocyte using a hyaluronible and included in the study. Institutional Review Board approval was obtained.
dase rinse and mechanical manipulation with a Drummond pipette. Thereafter, the oocytes were rinsed with A screening semen analysis was obtained on all patients. Patients with an abnormal semen analysis PBS and placed in HTF embryo culture medium until ICSI was performed or until semen was added for underwent a second analysis. Markedly abnormal semen analyses were evaluated with a swim-up procestandard IVF. Each semen specimen was collected in a sterile disdure (Table I) . ICSI was performed whenever the couple fulfilled one or more of the following criteria: (a) posable container after 48 to 72 hr of abstinence on the day of oocyte retrieval. The sample was allowed poor semen characteristics with less than 3 million total motile sperm or Ͻ10% normal morphology in to liquefy at room temperature for 30 min. Afterward, sperm concentration and percent motility were deterejaculate before processing; (b) prior poor fertilization (Ͻ30%) in a previous IVF cycle; and (c) excessive mined using a Makler chamber according to World Health Organization guidelines (15). The semen specisperm agglutination noted on semen analysis.
Ovarian stimulation methods were similar in the men then underwent a standardized method for fractionation of semen on a discontinuous density gradient IVF and ICSI cycles. The patients underwent stimula- of Percoll. Liquefied semen was layered gently on the tion, grade III embryos had 11-25% fragmentation, grade IV embryos had 26-50% fragmentation, and top surface of a bilayer Percoll gradient. The specimen was centrifuged at 1800 ϫ g for 20 min. The 90% grade V embryos had Ն 51% fragmentation.
Results were tabulated and significance of differPercoll fraction was removed without disturbing the 90: 47 interface and transferred to a 10 ml conical ence between groups examined by a t-test to compare means between two groups for normally distributed tube. Five volumes of PBS:BSA (3.0%) was added to the sperm-90% Percoll solution and centrifuged at data, one-way analysis of variance (ANOVA) to compare means between more than two groups, or Fisher's 1800 ϫ g for 5 min. The supernatant was removed and the pellet was resuspended in 200 to 500 l of exact test where appropriate. Spearman's correlation coefficient was used to determine distribution nor-HTF with 10% maternal serum. This suspension was then used for the ICSI procedure. Approximately 1 l malcy. Linear regression analysis was used to examine the relationship between the semen parameters and of the suspension was transferred to a sperm-holding drop containing polyvinyl pyrrolidone (PVP).
the outcome variables. An alpha error of 0.05 was considered significant and 95% confidence intervals All ICSI procedures were performed in microdrops of medium overlaid with mineral oil in sterile plastic were provided for data where appropriate. Petri dishes. The midpiece of the sperm was struck to immobilize the sperm. After immobilization, the sperm was aspirated by the tail into the injection pipette. With RESULTS the polar body at the 12-o'clock or 6-o'clock position, the pipette was inserted at the 3-o'clock position into During the study period, a total of 556 patients underwent oocyte retrieval for IVF or ICSI; 540 underthe oocyte, the cytoplasm was aspirated until the membrane was pierced, and the sperm and cytoplasm were went an embryo transfer, and thus were eligible for this study. Of these, 253 patients met the inclusion released back into the oocyte. Once injected, the oocytes were rinsed and placed into culture medium.
criteria and were included in the study. These patients had a total of 992 graded embryos that were compared. Fertilization was assessed 16-18 hr after injection by determining the presence and number of pronuclei.
There were 129 total pregnancies (51% per retrieval). Of these, 8 were biochemical (6% of pregnancies) and Seventy-two hours after oocyte retrieval, the embryos were scored for morphology and degree of fragmenta-12 were early pregnancy losses (9% of pregnancies). There were 109 ongoing pregnancies and deliveries tion by one observer in the same laboratory over the entire study period. Only those embryos that ultimately (84% of pregnancies; 43% per retrieval). The ICSI group consisted of 71 patients with 289 were transferred were evaluated. Embryos were transferred transcervically into the uterus under ultrasound total embryos transferred and a mean age of 32.7 years (SD ϭ 3.3). The IVF group consisted of 182 patients guidance using an Edwards-Wallace catheter (Smith Industries; Willoughby, OH) approximately 72 hr after with 703 total embryos transferred and a mean age of 32.3 years (SD ϭ 3.3). Using a t-test, no statistically oocyte retrieval. Pregnancy was determined using a day 14 and day 16 quantitative ␤-hCG. A transvaginal significant difference was found between the ages of the two groups (Table II) . ultrasound at 5 to 6 weeks gestation was used to assess a continuing pregnancy for number of gestational sacs.
Not surprisingly, semen parameters (Table I) differed significantly between the IVF and ICSI patient groups. Likewise, all ICSI semen parameters after swim-up significantly differed from the non-swim-up STATISTICAL ANALYSIS results. To test for a possible association of embryo fragmentation with semen concentration, motility, and/ Prior to embryo transfer, all embryos were graded based on fragmentation with a scale of I to V and or morphology a linear regression analysis was performed. This analysis failed to reveal an association a cumulative mean embryo fragmentation grade was calculated for the embryos transferred. The mean between embryo fragmentation and the semen parameters of the entire patient population, the IVF patients, embryo grade was calculated by summing of the embryo grades for a given patient and dividing by the the ICSI patients, and the ICSI patients undergoing swim-up. number of embryos for that patient. Embryo grading was performed using a modified criteria as described Mean embryo grade was 2.5 (SD ϭ 0.77) for the ICSI group and 2.2 (SD ϭ 0.84) for the IVF patients. by Veeck (16) . Grade I embryos demonstrated no fragmentation, grade II embryos had Յ 10% fragmenta-
The values for embryo grade differed statistically between the two groups (P ϭ 0.01; 95% CI-0.03 to infertility. Subsequently, many studies have documented the success of ICSI for couples with male 0.5). The ICSI patients had a mean of 4.07 (SD ϭ 1.09) embryos transferred and a mean of 0.68 (SD ϭ factor infertility compared to conventional IVF. The data presented here suggest that micromanipulation of 0.82) gestational sacs per transfer. The IVF patients had a mean of 3.86 (SD ϭ 0.84) embryos transferred the oocyte during the ICSI procedure is associated with a higher degree of embryo fragmentation in those and a mean of 0.76 (SD ϭ 0.94) gestational sacs per transfer. There were no statistically significant differembryo that are transferred. As expected, patients undergoing ICSI had poorer semen parameters; howences in mean number of embryos transferred or number of gestational sacs per transfer (Table II) .
ever, by linear regression analysis no relationship was uncovered between the semen parameters and embryo Clinical pregnancy rates were 50.7% for the ICSI group (36 of 71 patients) and 51.1% for the IVF group fragmentation. Likewise, poor semen parameters were not associated with the embryo's ability to implant and (93 of 182 patients). The implantation rate was calculated by dividing the number of gestational sacs seen produce a viable pregnancy. In this study, we minimized bias by using a single with transvaginal ultrasound at 6 weeks gestation by the number of embryos transferred. Implantation rates institution and using the same embryologist to evaluate all embryos. In agreement with Bar-Hava et al. (13), we were 17.3% for the ICSI patients and 20.3% for the IVF patients. A Fisher's exact test was used to test observed that the IVF patients produced significantly more nonfragmented embryos. No ICSI patient had for statistical significant differences in pregnancy and implantation rates between the two groups. Neither the more that two grade I embryos, whereas 35% of the IVF patients had three or more grade I embryos, pregnancy rate nor the implantation rate demonstrated a statistically significant difference for our sample size P Ͻ 0.01 (Table III) . While the IVF group had more nonfragmented embryos, the number and percentage (Table II) .
The IVF group had a mean of 0.80 (SD ϭ 1.19) of patients in each group that possessed grade I embryos was not significantly different (IVF ϭ 41%, nonfragmented grade I embryos, which was significantly higher than the mean for the ICSI group of 0.45 ICSI ϭ 34%). These findings are consistent with BarHava et al. (13), but would seem to conflict with Yang (SD ϭ 0.69) nonfragmented grade I embryos, P Ͻ 0.01 (95% CI ϭ 0.11 to 0.59). There was no significant et al. (11) . A possible explanation for this discrepancy may be that Yang et al. (11) evaluated patients without difference in mean number of embryos per embryo grade among embryo grades II through IV (Table III) . male factor infertility, while Bar-Hava et al. (13) and our study evaluated patients with male factor infertility. For those patients with nonfragmented grade I embryos, 35% of the IVF patients had three or more Poor semen parameters may be associated with abnormal fertilization after both conventional IVF and grade I embryos, while no ICSI patient had more than two grade I embryos, P ϭ 0.03 (Table IV) .
ICSI (10, 17, 18) . However, with ICSI fertilization and pregnancy rates seem to be unaffected by the quality semen if morphologically well-shaped live sperm can be used for injection (1, 19) . The influence of impaired DISCUSSION semen quality on embryo development, morphology, and implantation is controversial. An important quesUntil the advent of ICSI, there was no effective treatment for infertile couples with severe male factor tion is whether the decrease in embryo quality we observed is due to oocyte manipulation or may be Additionally, Bar-Hava et al. (13) reported embryo grading and transfer at 48 h after oocyte retrieval, attributed to poor semen quality. Previous authors have demonstrated unimpaired embryo morphology in whereas we performed embryo grading and transfer 72 h after oocyte retrieval when evaluation of embryo patients with poor semen parameters undergoing ICSI (20-22). When the semen parameters for our patient morphology may be more precise. Our findings contrast those of Yang et al. (11) who evaluated 13 couples population were evaluated versus embryo morphology using linear regression, no significant association was with a non-male factor infertility and found improved embryo quality in their ICSI patients. Unfortunately, found (Table III) . Despite the poorer seminal quality in the ICSI patients, we found that abnormal semen a direct comparison between our results and Yang et al. is not possible, since they offered no discussion on parameters were not correlated directly with an increase in embryo fragmentation. This finding might their embryo grading criteria. Since the advent of ICSI, several authors have docube explained by the fact that although semen parameters are poorer for most patients undergoing ICSI, it mented similar pregnancy rates with ICSI and IVF (1,2,24). Our results were consistent with these reports. is rare not to find a sperm with normal morphology for injection.
Although we found that ICSI was associated with higher fragmentation rates, there was no decrease in Our findings of improved embryo morphology with IVF were consistent with Bar-Hava et al. (13); howpregnancy or implantation rates for our sample population. ever, their center also reported improved clinical pregnancy rates with IVF patients even though the IVF In summary, it appears that the process of oocyte micromanipulation during the ICSI procedure itself patients were older than the ICSI patients. The authors attribute the increased pregnancy rate with the IVF was associated with greater embryo fragmentation and a lower mean embryo grade in the embryos that were patients to a higher number of good-quality embryos. Likewise, the authors found an increased rate of chemitransferred; however, this increase in fragmentation did not negatively effect implantation or pregnancy cal pregnancies in the ICSI group and theorized that this phenomenon may be related to a high incidence rates. Semen parameters, by linear regression, were not related to the morphology of the developing of abnormal embryos. In a previous study, Coulam et al. (23) found similar loss rates between ICSI and IVF embryos after conventional IVF or ICSI. Since an increase in embryo fragmentation was not associated patients. Likewise, our chemical pregnancy rates were similar in the IVF and ICSI patients.
with a decrease in clinical outcome, these data suggest that patients undergoing ICSI should be aware that ICSI may change embryo morphology and the patients Medical Center under Work Unit #4397.
